chromosomes (Fischer 2004; Zhang et al. 2008; Li et al. 2009 ). Further, Kato (http://www.maizesequence.org) and bin positions were identified from the se-10 quence. As some markers were very close (<1.01 cM) to each other, they were 11 combined into a "synthetic" marker resulting in a reduced number of loci used for 12 QTL analysis (Table 1 ). Further, we tested expected allele frequencies of p = 0.5 of 13 the UH400 allele with a standard χ 2 goodness-of-fit test and declared segregation 14 distortion when loci significantly (P < 0.05) deviated from the expectation. and to account for putative misclassifications (Röber et al. 2005; Prigge et al. 10 2011), all haploids detected by the above method were grown near Beijing in sum- with CIM in CAU-F 2 on chromosomes 3, 5, and 9 explaining togetherp = 71% of 16 the genetic variance (Table 2, Figure 3 ). In CAU-F 3 three QTL were detected on 17 chromosomes 4, 7, and 9 withp = 64%, while in CAU-F 4 one QTL was detected on 18 chromosome 9 (qhir8 ;p = 20%). The HIR-enhancing allele was always contributed
19
by UH400 except for qhir5 in bin 5.01 of CAU-F 2 .
20
In 1680-F 2 and 1680-F 3 , a major QTL (qhir1 ;p part = 63-66%) for HIR was 21 detected on chromosome 1 (bin 1.04) and the favorable allele was contributed by 22 UH400 in both generations. Furthermore, a minor QTL on chromosome 3 (qhir2 )
23
was detected in 1680-F 2 resulting inp = 71% for 1680-F 2 and the favorable allele at qhir2 was contributed by the non-inducer parent 1680. One QTL for EAR (qear1 ) 1 was detected on chromosome 1 (bin 1.04) in 1680-F 2 (p = 38%) and 1680-F 3 (p 2 = 14%; Table 3 ). qear1 shared one flanking marker each with qhir1 in 1680-F 2 3 (umc1917 ) and 1680-F 3 (umc1811 ). The EAR-enhancing allele was from UH400.
4
In CML395-F 3 and CML495-F 3 , qhir1 was detected in bin 1.04 explainingp 5 = 20 and 9%, respectively. In both CML populations, SNP PHM5306 flanked 6 qhir1 and the favorable allele was contributed by UH400. Based on the physical 7 positions of flanking SNPs (Table 2) , the delimited physical interval for qhir1 was 8 about 40Mbp (data not shown).
9
Significant dominance effects were revealed for qhir8 in CAU-F 4 as well as for 10 qhir1 in 1680-F 2 , 1680-F 3 , and CML395-F 3 (Table 2) . At these loci, the domi-
11
nance ratio ranged from -0.37 to -1.71 indicating weak to strong recessive gene 12 action adopting the nomenclature suggested by Stuber et al. (1987) . Individ-13 uals homozygous for the UH400 allele at the nearest flanking marker (see Table   14 2) to qhir1 always showed HIR > 0% in 1680-F 2 , while about one third of the 15 individuals of this genotype class showed HIR = 0% in CML495-F 3 (Figure 4 ).
16
Using the two-part model approach on HIR data, we confirmed qhir2, qhir6,
17
and qhir8 for CAU-F 2 ; qhir4, qhir7, and qhir8 for CAU-F 3 ; and qhir8 for CAU-F 4
18
( Table 2) . Furthermore, qhir1 of 1680-F 2 , 1680-F 3 and CML495-F 3 was confirmed variation that usually approximates a Gaussian distribution.
7
Haploid induction ability of maize inducer genotypes is considered to be a 
where G i refers to the genotypic value of genotype i (i.e., G i = E(y ij |i) for factor 10 X and ε ij reflects the experimental noise as well as genetic segregation in case of p i such that P r(z ij = 1) = p i , and it follows that P r(z ij = 0) = 1 − p i . Hence, 17 the expectation of z ij is E(z ij ) = p i and its variance is var( Therefore, we refrained from joint linkage analysis and compared QTL across pop-ulations using the "bin concept", which is well established in the literature (e.g.,
1
Gardiner et al. 1993; Schön et al. 2010) . Previous studies have also identified this chromosomal region to segregate in pop-7 ulations involving only one inducer parent (Deimling et al. 1997; Barret et al. 8 2008). In contrast, no QTL was detected in bin 1.04 in CAU-F 2 , CAU-F 3 , and 9 CAU-F 4 , which were derived from a cross of the two haploid inducers CAUHOI 10 and UH400. Most likely, the CAU generations are not segregating for qhir1 be- been reported previously (Melchinger et al. 1998; Mihaljevic et al. 2004 ).
7
The use of cofactors in CIM has been shown to increase power of QTL detection 
13
The two-part analyses also revealed that qhir1 in 1680- (Lorieux et al. 1995; Lu et al. 2002) . The total map lengths estimated for our 23 populations (e.g., Melchinger et al. 1998; Mihaljevic et al. 2004 In Arabidopsis thaliana, Ravi and Chan (2010) report the production of hap-2 loid plants by crossing the source germplasm with a mutant carrying a genetic 3 alteration of the centromeric histone CENH3. In our study, no QTL for HIR was 4 detected in bin 6.06 which harbors CENH3 of maize (Zhong et al. 2002) . This maize could serve as a model species for studying this phenomenon in monocots.
10
Implications for Haploid Inducer Development: Transgressive segre-
11
gants were identified in all populations except CML395-F 3 and also non-inducer 12 parents contributed HIR-enhancing alleles, indicating that inducers with increased
13
HIR can be generated through targeted parental recombination and selection. To genes will quickly become fixed and gain from selection will then depend entirely 20 on small effect modifier genes which will be extremely difficult to select for phe-21 notypically.
22
In addition, targeted introgression of relevant QTL into adapted and agronomi- : LOD profile of chromosome 1 of population 1680-F 2 for interval mapping of the square root transformed haploid induction rate (HIR) data using the two-part model. Separate LOD scores were calculated to test whether the three genotype classes g (AA, AB, BB) of inducer i have the same probability π g of inducing haploidy (i.e., z i = 1) and whether those inducers with z i = 1 have the same sample mean µ g according to three hypotheses (Broman 2003) : LOD(π) (blue) to test whether π AA = π AB = π BB ; LOD(µ) (red) to test whether µ AA = µ AB = µ BB ;
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and LOD(πµ) (black) to test the combined hypothesis that both the π g and µ g
were equal. Dashed lines represent empirically determined significance thresholds (α = 0.05) for the three LOD curves.
EAR of F 2 plants [%]
EAR of observed in generations 1680-F 2 and 1680-F 3 . h 2 denotes the heritability estimate and r s denotes Spearman's rank correlation coefficient. *** Significant at P<0.001.
Supplemental Figure 2 Representative gel profiles generated for haploid inducer inbreds CAUHOI (C) and UH400 (U) with 16 markers located in bin 1.04. 
